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A  preliminary  study  of  the   life  history  and  ecology  of  the   south- 
ern gray   squirrel    (Sciurus   carolinensis  carolinensis)    in  the  unglaciated 
counties  of   southeastern  Ohio  V7as  "begun   in  June  1935.      The   study  has  "been 
sponsored  hy  the  Ohio  Division   of  Conservation  and  the  Ohio  Wildlife  Re- 
search Unit. 

The  principal  areas   selected  for   the   study  w-are  in    the  Roosevelt 
Gace  Preserve  and  the   ShaTOiee    State  Forest   of  Scioto   County.      Supplemen- 
tary T;ork  was   done   in   the   State  forests   of  Ross  and  Pike   Counties,      These 
three    tracts  are  heavily  forested  and  lie   in   a  rouged,   hilly,   u:\glaciated 
portion  of   southern  Ohio,      The   forest  vegetation   is  chiefly  of  oak,    ostk- 
hickory,   and  mixed  mesophytic   types.      The   Scioto   County  study  area  has   two 
additional   types:      the  pine-oak  association    (occupying  the  ridges  and  cer- 
tain  slopes)   and  the   sycrmore-swectgum  type    (occuring  along  the  largcj 
streams).     All   forests  are   second  growth,   averaging  30   to   50  years  of  age, 
with  the   exception  of   scattered  older   trees  and  small    strips  of  matiire 


!_/  fiovised  from  a  paper  presented  at   the  Third  North  American  Wild- 
life Conference,   Baltimore,  Md.,   February  14-17,    1958.    (Trans.,   pp. 677-684.) 


forest  of  the  mixed  mesophytic  type  on  some  lower  slopes.  The  Study  a- 
reas  are  90  percent  forested  and.  10  percent  open  lands  in  Scioto  Coionty, 
95  percent  forested  and  5  percent  open  lands  in  Pike  County,  and  80  per- 
cent forested  and  20  percent  open  lands  in  Boss  County, 

The  underlying  rock  of  the  region  is  sandstone  and  shale.  The 
soils  are  nearly  all  of  the  Muskingum  series,  with  the  steep  phases  of 
the  Muskingum  soils  occurring  on  the  uplands.  These  are  the  poorest  of 
all  Ohio  soils.  The  three  areas  are  well  drained  and  are  essentially 
similar. 

The  study  to  date  has  included  an  ecological  appraisal  of  present 
land-use  trends  as  they  influence  the  gray  squirrel*  a  siarvey  of  methods 
of  harvesting  squirrel  crops,  an  examination  of  specimens  obtained  through 
the  controlled  hunting  program,  and  a  study  of  certain  life-history  pha- 
ses. Many  valualile  data  were  obtained  during  3  years  of  controlled  hunt- 
ing experiments  (l^,  2,  3,  4)  2J ,     The  three  study  areas  were  opened  for 
controlled  squirrel  hunting  in  1935,  1936,  and  1937,  after  having  been 
closed  to  htuiting  and  trapping  for  12  years,  Eigid  regulations  for  hunt- 
ing on  the  px^egerves  were  adopted.  Checking  stations,  similar  to  those 
in  use  on  national  forests,  were  established,  and  hunters  were. required 
tb   check  in  and  out  so  that  statistical  data  on  the  game  obs&rved  and 
harvested  might  be  obtained.  During  a  15- day  open  season  in  October,  the 
following  data  were  recorded  for  all  animals  handled:  Weights,  ages,  sex 
rations,  oxternal  parasites,  food  habits  as  determined  from  viscera,  en«» 
doparasites,  a,nd  seasonal  pelage  color  changes. 

A  check  also  was  made  on  methods  used  in  hunting  squirrels,  the 
types  of  equipment  used,  hunting  success,  recreational  values,  hours  spent 
afield,  miles  walked,  expenditures  involved  in  hunting, residences  of  visit- 
ing hunters,  hunting  pressure  on  various  Tinits  of  the  areas,  and  the  pre- 
vailing sentiment  on  changes  in  seasons  and  bag  limits, 

Ohio  lies  within  the  ranges  of  both  the  southern  gray  squirrel  (S^. 
c.  carolinensis)  and  the  northern  gray  squirrel  (S^.  c,  leucotis) .  The 
northern  form  is  confined  largely  to  the  northern  half  of  Ohio,  while  the 
southern  is  the  more  numerous  from  Columbus  southward,  Dat&  in  this  paper 
apply  only  to  the  southern  gray  squirrel, 

WEIGHTS    _  " ,   , 

Weights  of  318  gray  squirrels  taken  by  hunters  were  recorded.     The 
heaviest  weighed  24  ounces;    the  lightest  4  ounces.     The  average  weights 
of  males  and  females  were  nearly  the  same.     Weight  data  on  the  basis  of 
age  and  sex  are  given  in  table  1. 


2/  Niimbers  underscored  in  parentheses  refer  to  the  Literature  Ci- 
ted,  page  9, 
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TA3LS  1. —  Averagq  weights  of  &outhei'n  gray  squirrels 


Year       j    Weigiied 

Both     36X33,            1  ,     ,  ^ 

IijmaturcB 

Advlt     i    Adtdt 
nales     !  females 

1935. j           136 

1936.......               50 

1937... 1              82 

17.1            j         18.5 

17.1            1         19.3 

^         13.6           !         19.3 

Ounces 
14.5 
11.6 
11.9 

Ounces 
18.4 
19.4 
19.3 

Ounces 
18.5 
19.2 
19.3 

Total i            313 

15.9           1         19.0 

12.7 

19.0 

19.0 

SJX  KATIOS 

Table  2  gives  the  sex  ratios  of  sq^uirrels  taken  by  hunters  in  the 
three  studj  areas.  Differential  activity  of  the  scx3s  ^rith  the  seasons 
of  the  year  results  in  a  dispropcrtionpto  harvert  of  one  sex  as  the  time 
of  the  open  season  for  hunting  verics.   In-aaturc  so^uirrels  rverc  about  e- 
venly  divided  botwoon  the  sexes.   Thirty  imm.atiores  examined  in  1937  in- 
cluded 14  males  and  16  fenalos, 

TA3LE  2, —  Sex  joatios  of  ^ray  souirrels 


1 

Year 

Sxamined 

Males 

Fecial  3  s 

Llales 

1935 

193G 

1937 

Number 

144 

55 

89 

Number 
71 
33 
35 

Number 
73 

o4 

Percent 
49.3 
60.0 
39.3 

Total.. 

1 

288 

139 

149 

1/   49.5 

ij   Average. 


AG-S- CLASS  GEOUPS 

In  T/ildlife  management,  it  is  important  to  know  wh£t  percentage  of 
the  total  population  participatss  in  reproduction.  Weights,  degree  of  fu- 
sion of  the  skull  bones,  condition  cf  the  teeth,  development  of  the  sex 
organs,  and  general  physical  condition  give  valuable  indices  of  age  and 
breeding  potentialities.  Evidence  indicates  that  in  October  njarly  all 
adults  weigh  more  than  16  ounces  and  nearly  all  immatures  less  thxr  17 
ounces.  On  this  basis,  adults  made  up  64.5  percent  of  the  animals  shot  in 
1935,  72  percent  in  1936,  and  only  63.4  percent  in  1937.   The  3-ycr.r  r.voi'age 
was  65.4  percent  ndults  and  34.6  percent  immatures.   The  weights  of  318  squir. 
rels  examined  in  the  3  years  are  given  in  table  S, 
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TABLE  3.-~Weight  distribution  (in  ounces)  of  immature  and  adult  gray 

squirrels 
(Immatures,  34.6  percent  of  total;  adults,  65.4  percent) 


Year 

Num- 
ber 

Iminatures 

Adults 

4 

6 

7 

8 

S 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

1935 

1936 

1937 

186 
5Q 
82 

1 

1 
2 

1 
2 
2 

3 
4 
7 

3 

3 
1 

2 

2 

- 

4 
1 

13 
2 

37 

6 

13 

26 

6 
8 

48 

8 

12 

25 

5 
10 

11 

8 

13 

5 
5 

1 

4 
6 

2 

2 
3 

Total.. 

318 

1 

3 

5 

14 

3 

4 

2 

2 

- 

5 

15 

56 

40 

68 

40 

32 

10 

11 

2 

5 

DENS  AND  LEAP  NESTS 

In  southern  Ohio,  gra;^'-  squirrels  use  tree  dens  (cavities)  and  leaf 
nests.  Den  trees  are  rare  In  most  of  the  study  area,  as  80  percent  of 
the  timber  is  less  than  40  years  old,  though  there  are  sufficient  den 
trees  to  accoffimodate  the  existing  population.   The  greater  number  of  ac- 
ceptable den  trees  are  in  the  older  stands  of  mixed  mesophytic  forest  on 
lower  sloper.   The  finest  den  trees  are  white  oai<:s,  black  oaks,  red  ma- 
ples, black  gums,  beeches,  basswoods,  and  tulip  trees  exceeding  15  inches 
in  diameter. 

Two  types  of  leaf  nests  a,re  constructed:   (l)  Permanent  nests  sit- 
ua.ted  close  to  tree  trunks  (invariably  in  trees  exceeding  8  inches  in  di- 
ameter); and  (2)  temporary  nests  built  in  the  tops  of  saplings  or  small 
trees  (these  nests  are  often  partially  supported  by  greenbrier,  wild 
grape,  or  other  vines).   Permanent  nests  may  be  used  and  repaired  from 
year  to  yea,r,  while  temporary  nests  are  generally  used  for  only  brief 
periods  in  summer.  Both  types  disintegrate  rapidly  when  not  in  use. 
About  70  percent  of  the  leaf  nests  are  temporary  summer  structures;  30  - 
percent  are  permanent  and  are  used  by  1  percent  of  the  squirrels  in  win- 
ter.  Of  all  the  leaf  nests  examined,  95  percent  were  built  in  hardwoods, 
and  5  percent  in  conifers  (pines).  Only  the  permanent  type  was  found  in 
pine  trees.   The  average  height  of  25  leaf  nests  was  20  feet— lowest,  12; 
highest,  40. 

About  90  percent  of  the  squirrels  are  born  in  tree  dens,  and  10 
percent  in  leaf  nests,  although  a  considerable  number  of  young  born  in 
dens  may  be  transferred  later  to  leaf  nests  and  reared  there.   Tree  cav- 
ities serve  as  winter  shelters  for  approximately  99  percent  of  the  squir- 
rel population,  as  regular  storehouses  for  foods,  and  as  escape  cover 
from  predators. 
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MATIKG  PISIOD  AITD  LIT'T3iIRS 

ilae  gray  squirrel  in   scuthern  Ohio  has  only  one  important  mating 
season — January  to  Fehruary,      The  nunljer  of  young  per  litter  averaiges  4, 
The  weight   data  cf   table  3  indicats  that   bl  percent   of  the   inmatures   shci 
in  1935  and  54  percent  of  those  killed  in  1936  and  1937  were  horn  during 
the  nain  reproduction  period,      Scat'tered  hreedirg,   honever,  may  occur   in 
every  month  of   the  yeai*»      The  data  indicate  that   a  fev;  young  are  horn 
•throughout   the   summer,     Jovr   adult   females  killed  in  Octoher   1937   con- 
tained well-developed  emoryos.      It  har,  long  been  contended  that    southern 
gray  squirrels   in  Ohio  produce   tv/o  or  more   litters  a  year.      If  this   is 
true,    the  number   of  fesnalos  producing  ex  or  a  litters  must   he  very  small, 

?AEASITi;S  MD  nSSASES 

Gray   squirrels  of  the   southern  Ohio   counties   seem  to    ce  unusually 
subject   to   infestation  by  la^vao  of  a  botfly   (Gut  ^rebra  sp.).      These  lar- 
vae,   generally  known  as  warbles,  ware   found  in  12  percent   of  the   squir- 
rels  examined.      In  Ohio,   all    squirrels  infested  with  warbles  have  been 
recorded  in   the   southern  fo\urth  cf  the  State,     Garble   infestation  during 
the  3-year  period   (1935-37)    is   ?hovm   in   table  4. 

TAPLE  4.— Infestation   of  gray  squirrels  by  botfly 


larvae 

in  Scioto 

Co-onty 

Yeaa- 

E:-:?mir.ed  1 

?pra?"itized 

1935 

1936 

1937 

ITumbcr 

186 

57 

83 

I- umber 

32 

8 

4 

Percent 

17 

14 

5 

Total  

1     326 

44 

1/  12 

!_/  Average. 

The  percentage  of   infestation  was  higher  when   squirrels  wore  at'sm- 
dant    (1935)    and  decreased  as  the  population  declined   (1936  and  1937).      The 
botfly/  may  conceivahly  follow  the   same  abundance  cycle  as   its  host, 

A  few  squirrels  carried  other   external  parasites,    fleas  being  most 
common.      In  1935,   5  percent   of  the  animals  had  floas;    in   1936,   7  percent; 
and  in  1937,    2  percent.     One   squirrel  was   infested  with  mange  mites,      lio 
ticks  were  found  on   squirrels  during  the   3-yenr  period. 

In  1936,    34  squirrels  were  obtained  for  parasitological   examination. 
Of  these,    50  percent  contained  coccidia;    64  percent  had  roundworms;    11  per- 
cent  had  tapev/orus;    and  3  percent   carried  flukes.      In   1937,    38   squirrels 
were   examined.      Of  these,   45  percent   contained  coccidia;    72  percent   had 
roundworms;   10  percent  had  tapeworms;    and  none  carried  flukes. 
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POPULATION  STUDIES 

A  5~year  cycle  protaljly  occiirs  in  gray  squirrel  populations  of  the 
Middle  West.     Data  to  support   this  have  "been  ohtained  from  many  old  resi- 
dents of  the  region  and  from  the  writings  of  Seton  ill),  Howe (9) ,   and 
Jones    (10_) .      In  the  twentieth  century,  highs  for   the  Middle  West  were  re- 
corded in  1901,   1905,   1910,  1915»  1920,   1925,   1930,   and  1935.      The  high 
of  1935  wa'.    directly  followed  ty  a  low  in  1935' and  1937,     On  the  study 
areas   in   southern  Ohio,   squirrel  population  densities  during  the  1935 
high  and  in  the  succeeding  2  years  were  determined  by  several  methods. 

The   summer   squirrel  population  on  a  41,000-acre  area  was  calculat- 
ed    hy  two  methods:      From  data  obtained  in   (l)    sample  plot,   or   "spot," 
counts  and  (2)   leaf-nest  counts.     Both  methods  have  been  described  by 
Goodrum   (5,   6,   7),      The  average  number  of  squirrels  per  100  acres  was  7.3 
in  1935;    2.4  in  1936;    and  3.6  in  1937.     Data  obtained  by  the  two  methods 
gave  nearly  identical  figures,     Pall  populations  on  the  same  area  were 
calculated  from  hunters'    tally  data.      In   this  method,   the  number  of  a- 
acares  covered  by  each  hunter  and  the  number  of  squirrels  observed  were 
used  to  obtain  the  population  density.     Each  hunter  covered  an  average 
of  22  acres.     The  fall  population  per  100  acres  was  10.8  in  1935,   2.3 
in  1936,    and  3,7  in  1937.     The  winter  populations  per  100  acres,   deter- 
mined from  sample  plot  counts  and  from  tracks  or  trails  in  snow,  were 
1.1   in  1936,   and  2.9   in  1937, 


AN  AKALYSIS  OP  SqUIEE:^J.  HUNTING  IN  UN  GLACIATED  SOUTHEASTEEN  OHIO 

Save  for   the  cottontail,    the  gray  squirrel   is  the  most   abundant  of 
the  hunted  mammals   in   the  22  unglaciated  counties  in  Ohio   1/,   which  com- 
prise one-fourth  the   State,      In  1936,  hunters   in  these  counties  purchased 
69,851   licenses.      Hicks    (§_)  ,    in  an   analysis  of  hunting  licenses  purchased 
in  1936,   reports  that  41,211  were  obtained  by  squirrel  hunters.     On  the 
basis   of  hunters'    tallies,   Wickliff    (12)    found  that   the  average  hunter   in 
this   area  killed  7,5  gray  squirrels.     Assuming  that  these   data  are  cor- 
rect,   the  41,211   squirrel  hunters  annually  kill   about   310,400  gray  squir- 
rels  in   the  unglaciated  counties.      In  this  analysis  only  licensed  resident 
hunters  axe  considered.     The  total  kill,   including  that  of  nonlicensed  and 
nonresident  hunters,   is  probably  10  to  20  percent  greater. 


ij  Unglaciated  counties  are:      Carroll,  Jefferson,  Harrison,   Tus- 
carawas,   Coshocton,   Muskingum,   Guernsey,   Belmont,  Morgan,  Noble,   Monroe, 
Washington,   Athens,   Hocking,  Vinton,  Pike,  Jackson,  Meigs,   Gallia,  Law- 
rence,   Scioto,   Adams, 
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Siif  f-".ci'5nt   da+;a  on  which  to  "basa  a  preliminary  management  program 
for    the  gra;,'  squirrel   in  Ohio  ars  now  avai^.a'ble.      Ariministrative  and  field 
management  recommendations  are  as   follov^s: 

1.  A  squirrel-management  Tiro-gi-ara  should  he  inaugurated  in   the  23 
unglaciated  counties  of  Ohio  and  in  other   cc^onties  v/hsrc   sufficient   forest 
lands  occur.      Demonstration  areas  maintained  by  the   State,    an   educational 
prcgrrjn,    and  continued  resoaroh  worK  on  the   species  are  necessary  phases 
of  this  program , 

2.  Considering  the   quantity  and  distribution  of  forested  lands,   on- 
ly about   one-third  of  Ohio   is   suitable  for    the  production   of  a  significant 
yearly-  crop  of  gray   squirrols.      Accordingly,   management   techniques   should 
be  corcentrated  in   this  part  of   the  State. 

3.  Censuses   of  gray  squirrels   should  bt  made  annually.      Compulsory 
h^'Jintors'    rjports   should  be  required  to  obtain  an   inventory  of  the   squirrel 
harvest, 

4.  Controlled  harvest  methods  for  public   nnd  private  lands   -ire  de- 
sirable.     On  public  lands,    the   trespass  problem   is  adequately   solved  by 
use  of   the  checking-station  method  of  controlled  huntiiig.      The  best  meth- 
ods  for  private  lands  are  yet   to  be  developed, 

5.  A  license  fee   adequate  to  permit   the   employment   of  law-enforce- 
ment men  prior   to   thu  hunting  season   is  necessary  to  reduce   the   illegal 
pre-season  kill. 

6.  The  present   September   25  to  October   10  open   senson   should  be 
continued.      This  period  is   a  comproiaisc:      If  opened  earlier,   many  more 
squirrels  are  killed;    if  later,    sportsmen  arc  disappointed.      The  present 
season    (l5  days)    and  bag  limit    (4   squirrels)    are   satisfactory.      Closing 
the  season  diiring  the  low  years  of  the   squirrel   cycle  would  be   advisable, 

7.  Predator   control   is  unnecessary,    save   to  reduce  the  number   of 
cats  and   self-hunting  dogs.      Cooper  hawks,    foxes,    and  black  snakes  may 
require  moderate  control  when  too  numerous  on   squirrel   areas,     Eed-tailed 
hawks   should  not   be  molested  except  when  habitually  subsisting  on   squirrels, 

8.  Artificial  propagation   of  gray  squirrels  and  restocking  on  non- 
occupied  ai'eas  -u^e  unnecessary.      The  gray  squirrel  migrates,    and  a  brood 
stock  v;ill   come  to  areas  made  attractive  by  proper  mii^agomeut . 

9.  A  comp].etc   study  of  the  parasites  and  diseases  of  graj'  sa.uirrcls 
should  be  made,   vrith  the  object   of  possible  control  of  diseases  in   these 
and  other  wild  anim.;J.s, 


10.  Winter   feeding  is  helpful  when  large  popiilations  are  desired, 
Pood  patches  may  be  provided  alon^^  forest  margins,   and  feeding  stations 
may  "be  installed  where  necessary.     Further  studies  of  winter   feeding  are 
desirable ,     Corn  is   seldom  utilized  by  this  species  unless  there  is  a 
marked  deficiency  in  nuts  aiid  acorns.    , 

11.  Forcst-maLiagsment  techniques  on  public  and  private  lands  may 
be  modified  to  maintain  a  variety  of  tree  ages  and  species  in  the  wood- 
lot.     Den  trees  should  be  spared  in   timber-stand  improvement.     Accept- 
able den  trees  may  be  found  and  marked  in  vdnter  when  tracks  in  snow  in- 
dicate that   a  tree   is   in  use.     When   ir sufficient   den  trees  occur,    arti- 
ficial  dens  can   be  provided.      To  prevent  losses   of  young,  no  hollow  trees 
should  be  cut   during  the  period  February  to  Jiuie, 

12.  Huts  and  acorns  may  be   spotted  in   suitable  places  to   supplement 
the  supply  of  natural  foods  obtained  by  squirrels.     Walnuts,  hickories, 
and  oaks  are   suitable, 

13.  A  supply  of  nest  material  (excelsior)  will  attract  gray  squir- 
rels to  nreas  deficient  in  den  trees.  The  animals  v;ill  use  this  material 
for  both  winter  and  summer  nosts, 

14.  Release  cutting,   to  favor  the  growth  of  hickories,   oaks,  wal- 
nuts,   and  other   food  trees,  will   increase  the  yield  of  squirrel  foods. 
This   operation  consists   in  clearing  out  undesirable  trees  that   compete 
with  valuable  food-producing  species. 

15.  Squirrel   food  s^ipplies  may  be   supplemented  by  purchasing  nurs- 
ery-grown trees  and  shrubs.      A  suggested  list   of  trees  end  shrubs   suitable 
for  gray  squirrel  areas  is  being  prepared  for  publication  by  the  Ohio  Divi- 
sion of  Conservation. 
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